Acrylamide, a reactive vinyl monomer used in polymer industry is a potent neurotoxin (Tilson 1981) . Acrylamide and its polymers are extensively used as grouting agent, soil stabi liser, flocculents in water treatment and industrial waste disposal (NIOSH 1976 , Tilson 1981 . Th e unreacted monomer from polymers with high monomer content (0 .3%), has been found to migrate into soil and subsequently into plants and water supplies (Croll et al . 1974 , Igisu et al. 1975 , Nishikawa et al. 1978 , 1979 . Nishikawa et al. (1978 Nishikawa et al. ( , 1979 reported the presence of monomer in various parts of rice seedling and chinese cabbage .
Little information is available on the cytological effects of acrylamide in plants and animals. Shiraishi (1978) reported chromatid exchange and breaks in spermatogonia of mice after long term exposure. An acrylamide analogue 2-(2-furyl)3-(5-nitro 2-furyl)-acrylamide (AF2) used as a food preservative has been found to be mutagenic (Sugiyama et al. 1975 , Taka hashi 1975 . In view of widespread distribution of acrylamide there is an urgent need to eval uate the cytogenetic effects of the monomer in plants. This paper deals with the effects of acrylamide on root tip cells of Allium cepa.
Material and Methods
Fresh and healthy root tips of A. cepa grown in distilled water were exposed to various concentrations of acrylamide. The roots were exposed either for 3 h to 1, 2, 5 , 10 and 20 mM acrylamide or for 24 h to 1, 2 and 5 mM acrylamide. Samples were taken from root tips of control and treated A. cepa and examined for the effect of acrylamide on the rate of cell divi sion. In order to investigate, whether the damage if any, caused by acrylamide is reversible the control and treated root tips of A. cepa were left in distilled water upto 24 or 96 h . The tip cells from control and exposed roots were examined at various intervals for chromosomal aberrations.
The root tips were fixed in freshly prepared Carnoy's fixative (alcohol: acetic acid, 3:1) and stained with haematoxylin (Darlington and La Cour 1976) . Stained root tips were squash ed in 45% acetic acid and the cells were screened under a light microscope.
Results
Acrylamide caused a decrease in mitotic index at all the concentrations tested. On ex posure to 20 mM of acrylamide the mitotic index was 1.00 as compared to 3.11 in the respective control while there was a significant increase in the metaphase index (Table 1) . The abnor malities noted in metaphase cells were chromosome and chromatid breaks (Fig. 2) , fragmenta tion ( Fig. 3) and stickiness (Fig. 4) . The frequency of chromosome breaks was greater than other aberrations, while chromatid breaks were observed only at higher concentrations of acrylamide ( Table 2) .
The abnormalities observed in anaphase were multipolar arrangement (Fig. 5 ), unequal distribution (Fig. 6) and laggards (Fig. 7) . No signs of recovery in any of the changes were evident upto 6 h of the recovery period. By 24 h considerable recovery was evident in the root tip cells exposed to acrylamide for a period of 3 h only ( Table 2) .
The incubation of root tips with acrylamide for a prolonged period of 24 h caused similar aberrations with greater intensity and produced new abnormalities like chromosomal bridges (Fig. 8) . However, aberrations such as stickiness, micronuclei and chromosomal bridges were observed even upto 96 h of the recovery period ( teins which help in spindle formation as reported in case of colchicine, a potent spindle inhib itor. The binding of acrylamide with spindle proteins is quite probable due to the presence of vinyl group in the molecule which makes it highly reactive. Furthermore, acrylamide has been shown to bind to proteins involved in its detoxification (Dixit et al. 1980 (Dixit et al. , 1981 .
The abnormalities like multipolar arrangement, unequal distribution and bridges in ana phase observed in the root tip cells exposed to acrylamide may be due to the failure of spindle formation in treated cells. Exposure to acrylamide for prolonged periods was found to produce certain permanent changes as chromosomal bridges and micronuncleated cells which were detectable even upto 96 h of the recovery period. Such effects observed in acrylamide treated cells might be due to the mild disturbances in G1 and S phase of the cell cycle. Similar abnor malities have been observed in A. cepa treated with iso-propyl phenyl carbamate (Doxey 1949) and deltamethrin (Chauhan et al. 1986 ). The inhibition of spindle formation has been shown to lead to severe abnormalities such as stickiness, unequal distribution, multipolar anaphase, chromosomal bridges and laggards (Amer and Ali 1968, Badr 1983) .
The present study suggests that long term exposure to acrylamide can lead to certain ir reversible cytogenetic effects in plants. The observation is of significance inview of the wide Table 3 . Aberrations and recovery pattern in root tip cells of A. cepa exposed to acrylamide for 24h spread use and presence of acrylamide in terrestrial and aquatic ecosystems. If similar mech anisms were to operate in higher organisms, acrylamide exposure can lead to genetic effects in them. This is further strengthened by the findings of Shiraishi (1978) that meiotic cells are highly sensitive to acrylamide.
Summary
Acrylamide monomer has wide variety of applications which lead to its release into soils and water ways. The cytogenetic effects of acrylamide were investigated in roots of Allium cepa. The chemical exerted mitodepressive action on mitosis and induced a number of chro mosomal changes and mitotic abnormalities. Chromosomal changes produced comprised of chromosome and chromatid breaks, fragmentation and stickiness in metaphase cells. An-aphase cells showed multipolar arrangement , unequal distribution, chromosomal bridges and micronucleated cells. Some of these effects appeared to be irreversible.
The study suggests that continuous exposure to acrylamide may lead to genetic effects in plants and even higher organisms.
